Introduction. Planarians are renowned for their regenerative ability due to pluripotent stem cells, as well as their peculiar photophobic response. However, few facts are known about their aggregational behavior. This study aims to reveal the effect of light on aggregational behavior. Reynierse (1966) suggested that light has a negative effect on the formation of aggregations. However, one of his objectives for aggregational behavior was inappropriate. This study reevaluated the effect of existence of light on aggregational behavior, as well as ascertained the effect of wavelength on the formation of aggregations.
Introduction
Grouping behaviors are widely observed in a wide range of animals, in which a number of 42 individuals participate in movements to form a group. It includes herds of livestock, schools of 43 fish, groups of birds (e.g. broods of hens, colonies of penguins, and gaggles of geese), and swarms 44 of insects. Participating in groups helps protect populations from predators and parasites by 45 causing dilution effect (Mooring & Hart, 1992) , also known as 'selfish herd'; this describes the 46 spatial dynamics of individuals within a group whereby an animal moves toward the center of the group to pass on the risk of predation and parasitism to other group mates (Hamilton, 1971) .
48
Grouping also increases the net energy intake and reproductive opportunities (Bertram, 1978;  49 Pulliam & Caraco, 1984) .
50
Freshwater macroinvertebrates are known to aggregate (Elliott, 1977; Downing, 1979; 51 Murphy et al., 1998). The formation of aggregations could be due to the direct benefits that are 52 mentioned above, as well as the influence of extrinsic factors such as velocity and depth of water, 53 compositions of substrates, the amount of detritus, and interactions such as competition and 54 predation (Allan, 1975; Minshall & Minshall, 1977; Orth & Maughan, 1983; Erman & Erman, 55 1984; McAuliffe, 1984; Lancaster et al., 1991; Kohler, 1992) .
56
Planarians are a group of mostly free-living flatworms of the Class Turbellaria (Phylum 57 Plathyhelminthes). The term 'Planaria' refers to a genus. However, the name 'planarian' is not 58 designated to specific enclosed group, but to any member of the family Planariidae and sometimes 59 of related families (Gremigni, 1979; Vries & Sluys, 1991; Campbell & Reece, 2005) . Planarians 60 are generally aquatic, and they have crossed eyespots that can detect light.
61
Freshwater planarians are usually observed in small flocks in both natural and captive 62 environments. In nature, they can be easily found on ground-facing rock surfaces in slowly flowing 63 streams. In many cases, planarians allocate themselves close to the other individuals and form 64 aggregations; the group size ranges from two up to ten. In captivity, they are found in flocks, where, 65 on the walls or at the corners of water tanks, the group size can reach up to 25 individuals. Pearl 66 (1903) noted that the size of the group ranges from six to twenty individuals, again supporting the 67 observations. According to several studies (Reynierse, 1967; Reynierse et al., 1969) , the behavior 68 seems to be general among planarians, including Phagocata gracilis, Cura foreman, Dugesia 69 tigrina, and D. japonica.
70
Despite its prominence, the herding behavior of planarians are barely studied. Researches (Cash et al., 1993) '. In this study, this peculiar behavior will be 73 defined as 'aggregational behavior '. Pearl (1903) noted that the aggregational behavior of 74 planarians is a result of either photokinesis or chemokinesis, or possibly both. Reynierse (1966) 75 suggested that the formation of the aggregations is to be interfered with under bright environments.
76
However, one of the objectives he used to determine the aggregational behavior was inappropriate: 77 the ratio of free swimming individuals. Planarians without participating in aggregations are generally static, not motile. Therefore, the criterion was irrelevant to the aggregational behavior, suggesting the needs for revaluation. Cash et al. (1993) revealed that D. tigrina gains trophic 80 benefits from group living, but it is not clear whether the benefit is an evolutionary cause or a 81 consequence of group living, especially considering that group foraging is generally considered to 82 be a result rather than a cause of gregariousness (Packer & Ruttan, 1988; Vickery et al., 1991) .
83
There are a few possible mechanisms that explain the relationship between the existence 84 of light and the aggregational behavior. It is plausible that the aggregational behavior might be a 85 type of photosensory organ-protecting mechanisms that are widely selected by diverse groups of 86 the Kingdom Animalia (Hendler, 1984; Griffiths, 1994; Fernald, 2000) . In this case, light will behavior, but the behavior is interfered with by photophobic response. Photophobic response is a 91 negative phototaxis that is widely observed in planarians (Walter, 1907; Arees, 1986) . Formation Aggregations with two or more individuals were included, and the distance between two individuals engaged in an aggregation was less than 7 mm, which was the average body size.
117
The experiments were conducted in 20 × 10 × 10 cm 3 transparent cuboidal water tank, and 118 the depth of water was 8 cm. Former studies (Pearl, 1903; Reynierse, 1967; Reynierse & Gleason, 119 1975) suggest the possibility of the existence of chemotactants, which are thought to induce 120 aggregational behavior. Therefore, stream water was changed after every experiment was done in 121 order to remove possibly-remaining chemotactants secreted by planarians. Planarians were evenly 122 distributed on the bottom of the water tank by manipulative locating.
123
Planarians were exposed to white LED light to check the effect of the existence of light on 124 aggregational behavior. The lamp was placed 50 cm above the water tank, and the intensity of light 
Results

138
The mean percentages of individuals participating in the aggregations differed under the existence 139 of light and under shade (t-test, t = -11.90, df = 56.61, p < 0.0001). The mean percentage under 140 white LED light was 55.47%, much lower than the percentage under shade, which was 77.67% 141 (Fig. 1) . Table 1 show that the existence of light is creating a negative effect on performing aggregational behavior. studies (Pearl, 1903; Reynierse, 1967; Reynierse & Gleason, 1975) , the formation of aggregations 193 seems to be a result of chemotaxis, especially considering that planarians perform significant 194 chemotaxis (Mayamoto & Shimozawa, 1985) . Contrasting to the study of Reynierse (1975) (Reynierse, 1967; Wisenden & Millard, 2001 ). Further study is needed to identify these 201 aggregational behavior-inducing chemotactants.
202
According to a pilot study, planarians generally did not switch the position within their 
